In Clematis cultivars, various flower colors are present. It was shown that pale yellow flowers are due to the high accumulation of flavonol, quercetin glycosides [1] . In red cultivars, six polyacylated cyanidin glycosides were isolated and identified [2] . Recently, four kaempferol glycosides, kaempferol 3-O-α-rhamnopyranosyl-(1→6)β-glucopyranoside-7-O-β-glucopyranoside, kaempferol 3-O-αrhamnopyranosyl-(1→2)-[α -rhamnopyranosyl-( 1→ 6)-βglucopyranoside]-7-O-β-glucopyranoside, kaempferol 3-O-αrhamnopyranosyl-(1→6)-β-glucopyranoside-7,4´-di-O-βglucopyranoside and kaempferol 3,7,4´-tri-O-β-glucopyranoside, and an organic acid, 1-trans-caffeoyl-β-glucopyranose, were reported from purple Clematis cultivars [3, 4] . In purple C. patens, since flavonols could not be detected, it was presumed that the purple color is due to an intra-molecular co-pigment [5] . Although the presence of delphinidin glycosides in violet and violet-blue Clematis cultivars has been reported [6] , complete identification of the anthocyanins was not performed. In this paper, we describe the isolation and identification of three acylated delphinidin glycosides in the violet flowers of Clematis cultivar 'Jackmanii Superba' and the violet-blue flowers of Clematis cultivar 'Fujimusume'.
The anthocyanins 1, 2, and 3 were isolated from the violet sepals of Clematis cultivar 'Jackmanii Superba' and the violet-blue sepals of Clematis cultivar 'Fujimusume', respectively. Caffeic acid was produced by alkaline hydrolysis of 1. Complete acid hydrolysis of 1 liberated delphinidin, glucose, galactose and caffeic acid. Moreover, delphinidin 3-O-galactoside was produced by partial acid hydrolysis. The LC-MS of 1 showed a molecular ion peak at m/z 1051 [M] + , showing the attachment of 2 mol hexose, and 1 mol each of caffeic acid and succinic acid to delphinidin 3-Ogalactoside. In the 1 H NMR spectrum, three anomeric protons of the sugar moieties were assigned, i.e. δ 5.67 (d, J = 7.3 Hz, galactose), δ 4.87 (d, J = 7.9 Hz, glucose) and δ 5.24 (d, J = 7.5 Hz, glucose), so (1) that these sugars were determined to be in the β-pyranose form, based on their observed J values. It was shown by HMBC correlation between the galactosyl anomeric proton at δ 5.67 and C-3 at δ 145.7, and one glucosyl anomeric proton at δ 5.24 and C-7 at δ 165.0, that galactosyl and glucosyl moieties are attached to the 3 and 7-positions of delphinidin. Five caffeoyl protons, H-2, H-5, H-6, H-α and H-β, appeared between δ 6.17 and δ 7.40. Since the coupling constants of H-α (δ 6.17) and H-β (δ 7.40) are J = 15.8 Hz and J = 15.7 Hz, respectively, caffeic acid has a trans configuration. In addition to these signals, a proton signal at δ 3.55 appeared, corresponding to succinyl CH 2 . The interglycosidic linkage of 1 was The LC-MS of anthocyanin 2 showed a molecular ion peak at m/ Of their anthocyanins, 2 and 3 were major in "Jackmanii Superba" and "Fujimusume", respectively. The flower color of Clematis cultivar "Jackmanii Superba" was violet (Violet 86-A) by the R.H.S. Color Chart, and the spectral curve of the fresh sepal has characteristic absorption maxima at 535, 570 and 617 nm in the visible region (400-700 nm). Similar absorption spectra were observed in pH 5.1 buffer of the crude extract and the isolated 2 alone {535, 571 and 613 nm (crude extract), 535, 571 and 616 nm (2 alone)}. The flower color of Clematis cultivar 'Fujimusume' is violet-blue (Violet-Blue N89-C) by the R.H.S. Color Chart, and the spectral curve of the fresh sepals has characteristic absorption maxima at 540, 573 and 616 nm. As in the case of "Jackmanii Superba", similar absorption spectra were observed in pH 5.1 buffer of the crude extract and the isolated 3 alone {540, 572 and 614 nm (crude extract), 540, 572 and 612 nm (3 alone)}. Consequently, it was shown that the flower colors of 'Jackmanii Superba and 'Fujimusume' are expressed by each major anthocyanins, 2 and 3 (intra-molecular co-pigmentation). Moreover, we recently reported four flavonols and an organic acid from 'Jackmanii Superba' and 'Fujimusume' [3, 4] . We also investigated the co-pigment effect between anthocyanin and either flavonols or organic acid.
-O-β-glucoside (F3) and 1-transcaffeoyl-β-glucose were isolated from the sepals of 'Jackmanii Superba'. Their components (F1-3 and caffeoylglucose) were added to the pH 5.1 buffer solution with 2. However, these absorption spectral curves were essentially the same as that of 2 alone. Moreover, F1, kaempferol 3,7,4´-tri-O-β-glucoside (F4) and caffeoylglucose were isolated from the sepals of 'Fujimusume'. Their flavonols F1 and F4 and caffeoylglucose, were added to the pH 5.1 solution of 3; these absorption spectral curves were also essentially the same as that of 3 alone.
In this survey, three new anthocyanins were isolated and identified from the violet sepals of Clematis cultivar 'Jackmanii Superba' and the violet-.blue sepals of Clematis cultivar 'Fujimusume'. These anthocyanins are variously acylated with caffeic, succinic, malonic and tartaric acids. Of their anthocyanins, 2 and 3 were acylated with tartaric acid. Four anthocyanins acylated with tartaric acid have been found in the blue-violet, purple-red and scarlet flowers of Anemone coronaria [8] [9] [10] . Furthermore, 3 was glycosylated with glucuronic acid at the 3′-position. Though anthocyanin glucuronides have been reported from a few plant species, only eight 3′glucuronides have been reported, including the blue-violet and purple-red flowers of Anemone coronaria [9, 10] and the red flowers of Clematis cultivars [3] , which belong to the family Ranunculaceae. Moreover, the absorption spectral curves of each major anthocyanin 2 and 3 were the same as those of fresh sepal and crude extract. Therefore, it was shown that intramolecular co-pigmentation occurred between caffeic acid and anthocyanidin nuclei in Clematis cultivars 'Jackmanii Superba' and 'Fujimusume'. In addition, there is a report that delphinidin glycosylated at the 3′-and 5′-positions is more bluish in Clitoria ternatea flowers [11] . Also in this survey, 3 which was glycosylated at the 3′-position was more bluish than 2 from the violet Clematis cultivar. It may be important for the bathochromic effect that the anthocyanin (delphinidin) is glycosylated at the 3′-position with glucuronic acid.
